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Introduction:  The MAVEN (Mars Atmosphere 

and Volatile Evolution) mission [1] developed a new 

technique in 2016 using the NGIMS (Neutral Gas and 

Ion Mass Spectrometer) instrument [2] to measure the 

horizontal neutral winds in the Martian thermosphere.  

Significantly, these are the first set of in-situ meas-

urements of the thermospheric winds at Mars and thus 

provide a unique opportunity to improve our under-

standing of the dynamics of the upper atmosphere.  

These unique observations can also help validate gen-

eral circulation models (GCMs) in a manner not pre-

viously available.   One GCM, the Mars Global Iono-

sphere-Thermosphere Model (M-GITM) is compared 

to NGIMS wind observations to help determine what 

physical processes might be important in driving the 

thermospheric winds and whether the model is able to 

adequately represent those processes. 

Method:  NGIMS is able to measure neutral winds 

by taking advantage of the capability of the platform 

on which the instrument sits to nod its boresight 

pointing direction rapidly back and forth.  In conjunc-

tion with the retarding potential analyzer capability of 

the spectrometer, observed modulations in neutral and 

ion fluxes with the changing pointing direction allows 

for cross- and along-track wind magnitudes and direc-

tions to be measured.   These measurements have typi-

cal uncertainties of 20 m/s for along-track magnitudes 

and 6 m/s for cross-track magnitudes, and are largely 

due to inherent errors in the reconstructed ephemeris 

of the spacecraft and the boresight direction as well as 

errors due to the energy resolution of NGIMS’ mass 

filter [3].  Winds are measured along the spacecraft’s 

track in the thermosphere, typically between altitudes 

of 140 – 240 km.  These measurements occur in 

monthly campaigns of five to ten consecutive orbits 

over the same region in latitude and local time [3,4].  

As a result, campaigns can be averaged together to 

generate a campaign-average velocity profile in lati-

tude, local time, and altitude.   

M-GITM is a 3D general circulation model that 

simulates the Martian atmosphere from the surface to 

~250 km [5].  It includes physical processes and 

chemistry appropriate for the Martian lower and upper 

atmospheres.  Recently, it has been updated to include 

an improved CO2 15-micron cooling code for the up-

per atmosphere [6] as well as to use daily averaged 

solar fluxes measured by the MAVEN spacecraft and 

interpolated over a range of wavelengths by the FISM-

M empirical model (Flare Irradiance Spectral Model – 

Mars) [7].  M-GITM simulations are run for each day 

of a campaign.  Then, using the spacecraft trajectory, 

model “flythroughs” are extracted in the simulated 

velocity field that follow the same latitude, local time, 

and altitude as the in-situ NGIMS wind measure-

ments.  M-GITM flythroughs for individual cam-

paigns are averaged together, in a similar manner as 

was done for the NGIMS observations, to produce a 

campaign average velocity profile.  The averaged 

NGIMS observed winds and M-GITM simulated 

winds are then compared. 

Data-Model Comparisons:  Five NGIMS neutral 

wind campaigns were chosen to create M-GITM simu-

lations for a more detailed comparison.  These include 

the September 2016, January 2017, May 2017, De-

cember 2017, and February 2018 campaigns.  These 

campaigns were selected so that a range of conditions 

(i.e., different seasons, local times, and latitudes) 

could be shown in this first analysis.   

In these cases, the model is able to replicate the di-

rection and/or the speed of the observed winds in some 

campaigns (such as the September 2016 and February 

2018 campaigns), while in others, the model cannot 

capture either direction or speed (such as the January 

2017 campaign).  For example, in the September 2016 

campaign, the model does closely replicate the direc-

tion of the observed thermospheric winds, with only a 

10º difference between the data and the model, on 

average.  However, with NGIMS averaged speeds at 

~315 m/s and M-GITM simulated speeds at ~160 m/s, 

the MGITM flythrough underpredicts wind speeds by 

over 150 m/s.  This can be seen in Figure 1.  In the 

May 2017 campaign, the model produces winds nearly 

180º different from the direction observed with 

NGIMS, but at ~150 m/s, simulated speeds are only 

about 40 m/s greater than those observed.  In the Jan-

uary 2017 campaign, M-GITM simulated velocities 

are over 200 m/s too slow and 100º different in head-
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ing.  See [4] for these and additional details from the 

results of the comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Averaged NGIMS (blue) and M-GITM (red) altitude 

profiles of wind speed and direction for the September 2016 campaign. 

The solid lines show the inbound segment of the orbit while the dashed 

lines indicate the outbound segment. Horizontal lines show one stand-

ard deviation of orbit-to-orbit variability over the campaign. Note that 

direction is plotted in degrees from North (in a clockwise sense).  This 

figure is a modified form of Figure 1 in [4]. 

 

M-GITM is primarily driven by solar forcing in 

the thermosphere.  As a result, in M-GITM, thermo-

spheric winds are mainly driven by pressure gradients 

set up by in-situ heating from absorption of Extreme 

Ultraviolet (EUV) radiation (and further steered by the 

Coriolis force) [3].  For campaigns where simulated 

and observed velocities are relatively similar, particu-

larly in direction, this could indicate that, at those 

times and locations, solar forcing might be one of the 

primary physical process driving the winds.  Yet, as 

seen in cases like the September 2016 campaign, dif-

ferences in wind speeds might suggest other physical 

processes not well represented in the model are also 

impacting the winds.   Campaigns such as that in May 

2017 which have large disparities in simulated and 

observed wind headings indicate that processes com-

pletely lacking from the model might be acting strong-

ly at these times and locations [4]. 

These campaigns also show different degrees of 

variability in the thermospheric winds.  In the Sep-

tember 2016 campaign, the winds are very consistent 

orbit-to-orbit, while the January 2017 campaign has 

high variability in both magnitude and direction.  This 

level of variability may again suggest that physical 

processes which are not included in the model  could 

be significantly modifying the winds on shorter time 

and spatial scales during this campaign.   

Processes that could be impacting the winds  and 

are not currently fully included in M-GITM are gravi-

ty waves and the seasonal dust cycle.  Gravity waves 

have been found to propagate up into the thermo-

sphere [8] where it is believed they should modify 

both wind speed and direction [9].  It is possible that 

gravity waves may be responsible for inducing some of 

the orbit-to-orbit variability seen in the NGIMS wind 

observations, as well.  Additionally, while M-GITM 

does use a globally and annually uniform dust distri-

bution, it would be missing the impacts of increased 

dust during dust storm season. In particular, large 

regional dust storms can impact the atmosphere 

through direct and dynamical heating effects [10], 

which could adjust the atmospheric circulation pat-

tern.  Parameterizations for gravity waves and chang-

ing dust effects with season will be included in the 

model in the future. 

Summary:  Data-model comparisons between the 

new NGIMS neutral wind observations and M-GITM 

model simulations show that there are cases in which 

the model can to some degree replicate the observed 

winds, while in others cannot capture either the ob-

served thermospheric wind direction or magnitude.  

Since the model is primarily solar driven at thermo-

spheric altitudes, cases where simulated winds do not 

match observed winds imply that solar forcing is not 

the only process acting on the winds at these times, 

and other physical processes not included in the model 

may be more influential.  M-GITM also does not pro-

duce the large orbit-to-orbit variability observed in 

some of the wind campaigns.  It is possible processes 

such as gravity waves, which are not included in the 

model, could be among the other physical processes 

impacting the thermospheric winds, and should be 

better accounted for in updated model versions.  The 

data-model comparisons shown here and in [4] will 

serve as a baseline for future analysis as improved 

physics are added to M-GITM. 
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